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DISPLAY APPARATUS, VIDEO WALL
APPARATUS, DISPLAY METHOD AND VIDEO
WALL DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2012-145487, filed on Dec. 13, 2012 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to a video wall, and more specifi-
cally, to a display apparatus which displays a seamless video
wall image between separate display apparatuses constituting
a video wall apparatus, a video wall apparatus thereof, a
display method and a display method of the video wall appa-
ratus.

[0004] 2. Description of the Related Art

[0005] “Video wall’ is technology which expresses one
image by utilizing a plurality of display apparatuses for the
purpose of advertising, entertainment, sports or broadcasting.
[0006] For example, video wall is used when each of dis-
play apparatuses constituting one video wall displays uni-
form image simultaneously, or different images respectively
in a format combined with one whole mobilized image on a
video wall at the venues such as exhibits, etc. In this case,
several new technological methods to display a natural and
united image can be considered.

[0007] Specifically, when a plurality of display apparatuses
are arranged and display one whole mobilized image, it is
necessary to display a seamless natural image. However,
because each display apparatus may necessarily include a
display panel and a bezel which supports a display panel,
difficulty may happen to implement a seamless image. In
other words, a bezel is mounted by surrounding a display
panel and the bezel area is not where an image is displayed.
Thus, if a plurality of display apparatuses are arranged, the
displayed image stops at the bezel area. Specifically, because
two display apparatuses have a bezel in each, the area having
a discontinued part of an image spans substantially the width
of the two bezels on a video wall.

[0008] Because seams occur in the image due to bezels,
video wall technology has limitations in displaying an entire,
naturally mobilized image. Therefore, many manufacturers
make efforts to produce a bezel width of a display apparatus
as narrow as possible. However, since it is impossible to
remove a bezel from a display apparatus, it has been long-
standing challenge to reduce the influence of a bezel in the
video wall technological field.

SUMMARY

[0009] Exemplary embodiments of the present inventive
concept overcome the above disadvantages and other disad-
vantages not described above. Also, the present inventive
concept is not required to overcome the disadvantages
described above, and an exemplary embodiment of the
present inventive concept may not overcome any of the prob-
lems described above.

[0010] According to an exemplary embodiment, a technical
objective is to provide a display apparatus which displays
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seamless video wall image by employing a means for display-
ing image on a bezel area of the display apparatus, a video
wall apparatus, a display method and a video wall apparatus
display method.

[0011] According to an exemplary embodiment, a display
apparatus includes a display panel, a photonic crystal array
which is arranged on at least one side of the display panel and
displays an image, an electrode which applies voltage to the
photonic crystal array, and a controller which controls apply-
ing voltage to the photonic crystal array based on image
information displayed on the display panel.

[0012] The display apparatus may additionally include a
bezel which is arranged on an edge of the display panel and
the photonic crystal array is arranged on at least one area of
the bezel.

[0013] Further, the controller may control so that voltage is
applied to the photonic crystal array based on color informa-
tion of the image which is displayed on a predetermined area
of the display panel.

[0014] The controller may establish a predetermined area
of the display panel as an image block, calculate an average
pixel value from pixel values of the established image block
or calculate a pixel value having a highest frequency from the
established image block, and control so that voltage is applied
to the photonic crystal array according to the calculated pixel
value.

[0015] The controller may establish a predetermined area
of'the display panel as an image block, convert pixel values of
the established image block to a pixel value in Hue type,
calculate an average pixel value from the converted pixel
values or calculates a pixel value having the highest fre-
quency from the converted pixel values, and control so that
voltage is applied to the photonic crystal array according to
the calculated pixel value.

[0016] The photonic crystal array may include an electro
solvent whose ionic concentration changes by the applied
voltage, and photonic crystal which contacts the electro sol-
vent.

[0017] The photonic crystal is a material whose domain
periodic structure can change reversibly so as to influence
electromagnetic radiation by electrical stimulation or by
changes in ionic concentration, and may be diblock copoly-
mer constituting a hydrophobic block polymer and a hydro-
philic block polymer.

[0018] According to an exemplary embodiment, a video
wall apparatus includes a plurality of display apparatuses, at
least one of the plurality of the display apparatuses compris-
ing a display panel, a photonic crystal array which is arranged
on at least one side of the display panel and which display an
image, an electrode which applies voltage to the photonic
crystal array, and a controller which controls so that voltage is
applied to the photonic crystal array based on image infor-
mation displayed on the display panel.

[0019] Further, according to an exemplary embodiment, a
video wall apparatus comprises a plurality of display panels,
a photonic crystal array which is arranged between the plu-
rality of display panels and displays image, an electrode
which applies voltage to the photonic crystal array, and a
controller which controls so that voltage is applied to the
photonic crystal array based on image information displayed
on the plurality of display panels.

[0020] According to an exemplary embodiment, a display
method includes displaying a first image on a display panel,
and applying voltage to a photonic crystal array based on
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displayed image information. The photonic crystal array is
arranged on at least one side of the display panel and displays
a second image based on the applied voltage.

[0021] The photonic crystal array may be arranged on at
least one area of a bezel mounted on an edge of the display
panel.

[0022] The applying voltage may comprise applying volt-
age to the photonic crystal array based on color information of
the first image displayed on a predetermined area of the
display panel.

[0023] Further, the applying voltage may include establish-
ing a predetermined area of the display panel as image block,
calculating an average pixel value from pixel values of the
established image block or pixel value having the highest
frequency from the established image block, and applying the
voltage according to the calculated pixel value to the photonic
crystal array.

[0024] The applying voltage may include establishing a
predetermined area of the display panel as an image block,
converting pixel values of the established image block to a
pixel value in Hue type, calculating an average pixel value
from the converted pixel values or calculating pixel value
having a highest frequency from the converted pixel values,
and applying voltage according to the calculated pixel value
to the photonic crystal array.

[0025] The photonic crystal array may include electro sol-
vent whose ionic concentration changes in response to the
applied voltage, and photonic crystal which contacts the elec-
tro solvent.

[0026] The photonic crystal is material whose domain peri-
odic structure can change reversibly so as to influence elec-
tromagnetic radiation by electrical stimulation or by changes
in ionic concentration, and may be a diblock copolymer con-
stituting a hydrophobic block polymer and a hydrophilic
block polymer.

[0027] According to another exemplary embodiment, there
is provided a display apparatus, comprising: a display panel;
means for displaying an image which is arranged on at least
one side of the display panel; an electrode which applies
voltage to the means for displaying the image; and a control-
ler which controls so that voltage is applied to the means for
displaying the image based on image information displayed
on the display panel, wherein the display panel and the means
for displaying the image are different elements.

[0028] According to yet another exemplary embodiment,
there is provided a video wall apparatus comprising a plural-
ity of the display apparatuses, at least one of the plurality of
the display apparatuses comprising: a display panel; means
for displaying an image which is arranged on at least one side
of'the display panel; an electrode which applies voltage to the
means for displaying the image; and a controller which con-
trols so that voltage is applied to the means for displaying the
image based on image information displayed on the display
panel, wherein the display panel and the means for displaying
the image are different elements.

[0029] According to yet another exemplary embodiment,
there is provided a video wall apparatus, comprising: a plu-
rality of display panels; means for displaying an image which
is arranged between the plurality of display panels; an elec-
trode which applies voltage to the means for displaying the
image; and a controller which controls so that voltage is
applied to the means for displaying the image based on image
information displayed on the plurality of display panels,
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wherein the plurality of display panels and the means for
displaying the image are different elements.

[0030] According to an exemplary embodiment, a display
method of a video wall apparatus includes displaying an
image on a plurality of display panels, and applying voltage to
a photonic crystal array which is arranged between the plu-
rality of display panels based on displayed image informa-
tion.

[0031] According to various exemplary embodiments,
there is provided the display apparatus which can display a
seamless video wall image by employing a means for display-
ing an image on a bezel area of the display apparatus, the
video wall apparatus, the display method and the display
method of the video wall apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and/or other aspects of the present inven-
tive concept will be more apparent by describing certain
exemplary embodiments of the present inventive concept
with reference to the accompanying drawings, in which:
[0033] FIG. 1 is a diagram of a conventional video wall;
[0034] FIG. 2is adiagram of a video wall apparatus accord-
ing to an exemplary embodiment;

[0035] FIG. 3 is a block diagram of a display apparatus
according to an exemplary embodiment;

[0036] FIG. 4 is a cross-section view illustrating arrange-
ment of a photonic crystal array and a bezel according to
another exemplary embodiment;

[0037] FIG. 5 is a block diagram of a method for displaying
image on a photonic crystal array according to an exemplary
embodiment;

[0038] FIG. 6 is a diagram provided to explain a display
method according to the method of FIG. 5;

[0039] FIG. 7is a cross-section view illustrating a structure
of'a unit cell in a photonic crystal array;

[0040] FIG. 8 is a block diagram of a video wall apparatus
described above;

[0041] FIG. 9 is a flowchart provided to explain a display
method according to an exemplary embodiment; and

[0042] FIG. 10 is a flowchart provided to explain a display
method in a video wall apparatus according to an exemplary
embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0043] Certain exemplary embodiments of the present
inventive concept will now be described in greater detail with
reference to the accompanying drawings.

[0044] In the following description, same drawing refer-
ence numerals are used for the same elements even in differ-
ent drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assistin a
comprehensive understanding of the present inventive con-
cept. Accordingly, it is apparent that the exemplary embodi-
ments of the present inventive concept can be carried out
without those specifically defined matters. Also, well-known
functions or constructions are not described in detail since
they would obscure the invention with unnecessary detail.

Video Wall Apparatus
[0045] FIG. 1 is a diagram of a conventional video wall 1.
[0046] A video wall is composed of a plurality of display

apparatuses and used when each of the display apparatuses
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constituting the video wall simultaneously displays a uniform
image, or respectively displays a different image to be com-
bined and displayed in one whole mobilized image, at venues
such as exhibits, etc.

[0047] Referring to FIG. 1, four display apparatuses simul-
taneously display an integrated image about apples. In FIG. 1,
each display apparatus displays a part of the integrated apple
image through a plurality of display screens 10-1,10-2,10-3,
10-4. Each display apparatus includes a bezel 20, and the
bezel 20 cannot display image. Thus, because image is not
displayed in the bezel 20 of each display apparatus, the inte-
grated image bears seams therein. Specifically, because area
21 where the bezels 20 of each display apparatus meet does
not display image and is broader than the edge of the video
wall, image discontinuity stands out more clearly at the bezel
areas. Due to these parts, a viewer can have eye fatigue and
even have a problem in perceiving contents. Thus, the purpose
for the displaying of the image(s), such as advertising, can be
less effective.

[0048] A video wall apparatus 1000 according to an exem-
plary embodiment solves the above problem.

[0049] FIG. 2 is a diagram of the video wall apparatus 1000
according to an exemplary embodiment.

[0050] Referring to an exemplary embodiment of FIG. 2,
the video wall apparatus 1000 also includes a plurality of
display apparatuses like in the video wall apparatus 1 of FIG.
1. Eachdisplay apparatus has display panels 10-1,10-2,10-3,
10-4 respectively, and is arranged consecutively to each other
and displays a constituent image to be integrated into a whole
image.

[0051] Between the display panels, another display means,
which is different from the display panel, is provided. Based
onimage information of the adjacent display panels, an image
is displayed on the different display means. Referring to FIG.
2, one whole apple is displayed over the upper display panel
10-1 and the lower display panel 10-3. Area 21 between the
upper display panel 10-1 and the lower display panel 10-3
displays image established based on a part of the apple dis-
played on the upper display panel 10-1 and a part of the apple
displayed on the lower display panel 10-3.

[0052] For example, a photonic crystal array may be
arranged between the display panels. The photonic crystal
array is artificial crystal in which conductive material is
arranged periodically. The photonic crystal array shows vari-
ous colors because frequency of reflecting light is determined
based on intervals of crystal grid. Thus, the photonic crystal
array may be used in displaying, by adjusting the intervals of
grid.

[0053] Paper on hydrophobic block-hydrophilic polyelec-
trolyte block polymer having one-dimensional periodic
lamella structure, “Broad-wavelength-range chemically tun-
able block-copolymer photonic gels, Nature Materials 2007,
Vol. 6, No. 12, 957-960”, discusses that a position of a stop
band can be adjusted by changing periodicity and/or refrac-
tive rate of photonic crystal structure.

[0054] Thevideo wall apparatus 1000 includes an electrode
(not illustrated) for applying voltage to the photonic crystal
array, and a controller (not illustrated) of the video wall appa-
ratus 1000 controls the electrode (not illustrated) to apply
voltage to the photonic crystal array based on image infor-
mation displayed on the plurality of display panels.

[0055] With the above constitution, a whole image can be
viewed seamlessly, and natural video wall can be imple-
mented.
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Display Apparatus

[0056] The following will explain the constitution and
operations of each display apparatus constituting the above
video wall apparatus 1000.

[0057] FIG. 3 is a block diagram of a display apparatus
according to an exemplary embodiment.

[0058] Referring to FIG. 3, adisplay apparatus 100 accord-
ing to an exemplary embodiment includes a display panel
110, a photonic crystal array 120, an electrode 130, and a
controller 140.

[0059] The display panel 110 is constructed to display an
image. The display panel may be implemented with various
display technologies such as organic light emitting diodes
(OLED), liquid crystal display panel (LCD panel), plasma
display panel (PDP), vacuum fluorescent display (VFD), field
emission display (FED), or electro luminescence display
(ELD). A display panel is usually made as emissive type;
however, a reflective type display such as E-ink, P-ink, and
photonic crystal may not be excluded. Further, a flexible
display or transparent display can be implemented.

[0060] The photonic crystal array 120 is arranged on at
least one side of the display panel 110 and displays an image
according to the applied voltage. Because the photonic crystal
array 120 is arranged for an objective to display an image
seamlessly, the photonic crystal array 120 is mounted on one
side of the display panel 110 or placed between a plurality of
display panels, if needed. Hereinbelow, exemplary embodi-
ments are explained by focusing on the photonic crystal array;
however, another means that can perform display function
may be substituted.

[0061] The electrode 130 applies voltage to the photonic
crystal array 120. As described above, if voltage is applied to
the photonic crystal array 120, a position of a stop band can be
adjusted by changing periodicity and/or refractive rate. Thus,
color may be displayed reversibly. The electrode 130 is con-
trolled by the controller 140.

[0062] The controller 140 controls the photonic crystal
array 120 so that voltage is applied to the photonic crystal
array 120 based on image information displayed on the dis-
play panel 110. Besides, the controller 140 controls general
implementations of the display apparatus 100, and specifi-
cally, controls a display operation to display an image on the
display panel 110 as explained below.

[0063] However, according to an exemplary embodiment,
the controller 140 of the photonic crystal array 120 and a
controller of the display panel 110 may operate indepen-
dently. For example, if a video wall is composed of a plurality
of extensive display apparatuses, a display panel of each
display apparatus may be operated according to the control of
a controller in each display apparatus, and operation of the
photonic crystal array 120 may be controlled by another
separate controller.

[0064] Meanwhile, the display apparatus 100 may be a
circuit unit which outputs an image to the display panel 110,
and may further include a timing controller (not illustrated), a
gate driver (not illustrated), a data driver (not illustrated), and
a voltage driver (not illustrated).

[0065] Thetimingcontroller (notillustrated) generates gate
controlling signals (passing controlling signals) and data con-
trolling signals (data signals), rearranges inputted R, G, B
data, and provides to the data driver (not illustrated).

[0066] The gate driver (not illustrated) applies a gate on/oft
voltage (Vgh/Vgl) provided from the voltage driver (not illus-
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trated) to the display panel 110 according to gate controlling
signals generated by the timing controller (not illustrated).
[0067] After scaling according to data controlling signals
generated by the timing controller (not illustrated) is com-
pleted, the data driver (not illustrated) inputs RGB data of
image frame to the display panel 110.

[0068] The voltage driver (not illustrated) generates and
delivers corresponding driving voltage to the gate driver (not
illustrated), the data driver (not illustrated), and the display
panel 110.

[0069] Each constitution of the image output circuit is con-
sidered to be out of technical essence, and will not be
described in detail.

[0070] Meanwhile, the display apparatus 100 may further
include a bezel mounted on a side area of the display panel
110, and the above photonic crystal array 120 may be formed
on one area of the bezel.

[0071] FIG. 4 is a diagram illustrating an arrangement of
the photonic crystal array 120 and a bezel 150 according to
another exemplary embodiment.

[0072] Referring to FIG. 4, the photonic crystal array 120
may be arranged on the upper portion of the bezel 150. Fur-
ther, the photonic crystal array 120 may have another electri-
cal power line. Such arrangement enables easier forming of a
video wall with universal-purpose display apparatuses, i.e.,
without requiring special display apparatuses devoted to a
video wall. The universal-purpose display apparatuses may
be placed side by side and the photonic crystal array 120 may
be mounted on the bezel of the display apparatuses. Thus, a
video wall can be constituted more efficiently at a lower cost.
[0073] The following will explain a method of displaying
image on the photonic crystal array 120.

[0074] An objective of the photonic crystal array 120 is to
implement a seamless image. Therefore, an image displayed
on the photonic crystal array 120 should be generated by
considering an image displayed on the adjacent display panel
110. In other words, the controller 140 controls the electrode
130 to apply voltage to the photonic crystal array 120 based
on color information of image displayed on predetermined
area of the display panel 110. The detailed process will be
explained by referring to FIG. 5.

[0075] FIG. 5is ablock diagram of a method of displaying
image on the photonic crystal array according to an exem-
plary embodiment, and FIG. 6 is a diagram explaining a
display method according to FIG. 5.

[0076] Referring to FIG. 5, the controller 140 establishes a
predetermined area of the display panel 110 as an image block
atS510. The above established image block corresponds to an
area of the display panel 110 where an image to be considered
for displaying on the photonic crystal array 120 is displayed.
Referring to FIG. 6, to generate an image on one area 121 of
the photonic crystal array 120, area 111 of the adjacent dis-
play panel may be established as an image block.

[0077] AtS520, the controller 140 may convert pixel values
of'the above established image block to a pixel value in Hue
type. Pixel values ofthe image block, i.e., colors shown on the
display panel, can be expressed in various color coordinates.
For example, a RGB color coordinate is created by combining
basic colors, red, green and blue. A CMY color coordinate
uses a color coordinate constituting RGB complementary
colors. A CMY color coordinate can be simply converted to a
RGB color coordinate. A YUV color coordinate is used in a
European video standard regarding digital video. A YUB
color coordinate is expressed with brightness, luminosity and
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chromaticity, and converted to RGB. A YCbCr color coordi-
nate is used in JPEG and MPEG, and can express a color
dimension and a color image efficiently.

[0078] The above color coordinates have a plurality of val-
ues which can be converted to a single pixel value in Hue type.
A pixel value in Hue type is widely used because it involves
a simple calculation. If pixel values of the above established
image block are expressed in RGB pixel values, they are
converted to a pixel value in Hue type at first.

[0079] At S530, the controller 140 calculates an average
from pixel values of the above established image block or
pixel values having the highest frequency in the above estab-
lished image block. If pixel values of the image block are
linear, an average of the above image block can be calculated.
For example, if a predetermined area of an apple displayed on
a center area of the video wall in FIG. 6 is created in red, an
average from pixel values of the area may be calculated so as
to similarly display an area of the photonic crystal array in
red. However, if pixel values of the image block are nonlinear,
a pixel value having the highest frequency may be calculated
from the above established image block. In other words, a
most dominant pixel value is calculated from the image block.
For example, if a predetermined area of an apple displayed on
a center of the video wall is created in various colors, a pixel
value corresponding to red which is the most dominant color
is calculated.

[0080] The controller 140 controls the electrode 130 to
apply a voltage corresponding to the above calculated pixel
value to the photonic crystal array 120 at S540.

[0081] The following will explain structure of the photonic
crystal array.
[0082] FIG. 7 is a diagram illustrating a unit cell structure

of the photonic crystal array.

[0083] Referringto FIG. 7, aunit cell 120-1 of the photonic
crystal array includes a lower board 131, an upper board 132,
spacers 123, first and second electrodes 121, 122 formed on
each board, alower board 131, an upper board 132, an electro
solvent 124 filled in pixel area defined by the spacers 123 on
both sides, and a photonic crystal 125.

[0084] Material of the lower board 131 and the upper board
132 may be selected from the group constituting of glass,
metal, plastic and silicon. However, it is not limited to herein;
if flexibility is necessary, a flexible polymer film is possible
with regard to plastic material or metal foil is possible with
regard to metal material. Because the material is used for
displaying, at least one of the lower board 131 and the upper
board 132 may be implemented as transparent material.
[0085] Onthe lower board 131 or the upper board 132, thin
film transistors (not illustrated) as switching components and
a pixel electrode to display image pixels such as the first
electrode 121 or the second electrode 122 may be formed in
matrix type, and gate line and data line may be formed to be
orthogonally crossed so as to operate the plurality of thin film
transistors.

[0086] The spacers 123 are used to maintain the thin upper
and lower boards at a specific gap to prevent breakage or
bending of the thin upper and lower boards. The spacers 123
are insulators such as polyimide or photosensitive glass. In
one exemplary embodiment, the spacers 123 also perform a
role of a bank for printing photonic crystal solution when
display components are array-processed, and accordingly
material of the spacers 123 should be durable in a solution
annealing process to form a periodic structure of photonic
crystal substrate. Therefore, the material may be the one that
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easily forms a pattern, has durability and resistance to an
annealing solution, and thus has hydrophobicity for a printing
process. For an example of photosensitive material, material
for composition may be the one that can have hydrophobicity
by adding ammonium dichromate as a photoinitiator to a
polyvinyl alcohol solution, and adding a water soluble fluo-
rine polymer material, or photocrosslinkable organic thin film
material such as PC403 (JSR) is possible.

[0087] The first electrode 121 and the second electrode 122
are formed on the lower board 131 and the upper board 132,
respectively, and apply voltage between the two boards. In the
manufacturing of the first electrode 121 or the second elec-
trode 122, any material having high conductivity may be used
without limitations, and metal material may be used prima-
rily. Further, on an incidence or reflection path to or from the
unit cell 120-1, transparent electrodes may be formed on a
transparent board, and ITO, FTO, SnO, and ZnO may be
used. The second electrode 122 is opposed to the first elec-
trode 121 in each unit cell 120-1.

[0088] The electro solvent 124 is a medium which makes
chemical tuning of the unit cell 120-1 possible, and performs
arole of forming inclination of ionic concentration according
to voltage between the first electrode 121 and the second
electrode 122. The material type of the electro solvent 124
may not be limited, provided that ionic concentration of the
material changes according to an added voltage; aqueous
solution which salts are dissolved or ionic water may be
used—for example, ionic organic solvent such as imidazo-
lium may be used.

[0089] The photonic crystal 125 is a medium which sub-
stantially performs driving of the reflecting type display
according to an exemplary embodiment. The photonic crystal
125 is stacked on the lower board 131 and contacts the electro
solvent 124. Because this material may have a one-dimen-
sional, two-dimensional, or three-dimensional periodic struc-
ture between domains divided by areas which are different in
terms of physical features or chemical features, a position of
a stop band reflected from an electromagnetic wave is deter-
mined according to periodicity. Within the photonic crystal
125, there are two kinds of domains. A stop band becomes
bigger as the difference in refractive rates between these two
kinds of domains increases.

[0090] The material used for the photonic crystal 125 is not
limited, provided that the material has a periodic structure of
a domain which can be changed reversibly to influence elec-
tromagnetic radiation by external stimulation—for example,
electrical stimulation or changes in ionic concentration.
Amphiphilic diblock copolymer constituting a hydrophobic
block polymer and a hydrophilic block polymer can be used.
Such amphiphilic diblock copolymer may be a self-as-
sembled stratiform structure.

[0091] If the photonic crystal array is formed by properly
selecting material for the photonic crystal 125 and type of the
electro solvent 124 and by arranging the unit cell 120-1 of the
plural photonic crystal arrays, it can implement a system that
adjusts colors electrochemically and reversibly within whole
range of visible light rays by applying proper voltage per unit
cell 120-1 of the photonic crystal array through the elec-
trodes.

[0092] The video wall apparatus may be implemented by
employing a plurality of the above methods.

[0093]
1000.

FIG. 8is ablock diagram of the video wall apparatus
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[0094] Referring to FIG. 8, the video wall apparatus 1000
according to an exemplary embodiment includes a plurality
of display panels 111, 112, 113, and photonic crystal arrays
120-1 and 120-2 which are arranged between the plurality of
display panels 111, 112, 113 and a display image by applied
voltage. Further, the video wall apparatus 1000 includes an
electrode 130 which applies voltage to the photonic crystal
arrays and a controller 140 which controls applying voltage to
the photonic crystal arrays based on image information dis-
played on the plurality of display panels 111, 112, 113.

[0095] Each unit of the video wall apparatus 1000 can be
understood with the same meaning from the previous descrip-
tions, which will not be further explained to avoid overlap-

ping.
Display Method

[0096] The following will explain a display method and a
display method of a video wall apparatus according to various
exemplary embodiments.

[0097] FIG. 9 is a flowchart provided to explain a display
method according to an exemplary embodiment.

[0098] Referring to FIG. 9, the display method according to
an exemplary embodiment includes displaying an image on a
display panel at S910 and applying voltage to a photonic
crystal array based on the displayed image information at
S920.

[0099] At this process, the photonic crystal array is
arranged on at least one side of the display panel and displays
image by the applied voltage.

[0100] Further, the photonic crystal array may be arranged
on one area of a bezel mounted on the edge of the display
panel.

[0101] Meanwhile, voltage may be applied to the photonic

crystal array based on color information of the image dis-
played on predetermined area of the display panel. Specifi-
cally, applying the voltage may be performed by establishing
predetermined area of the display panel as image block, con-
verting pixel values of the established image block to a pixel
value in Hue type, calculating average from pixel values of
the established image block or calculating pixel value having
the highest frequency from the established image block, and
applying voltage corresponding to the calculated pixel value
to the photonic crystal array.

[0102] At this step, the photonic crystal array includes an
electro solvent whose ionic concentration changes by the
applied voltage and a photonic crystal which contacts the
electro solvent.

[0103] Further, a photonic crystal is a material whose
domain periodic structure can be changed reversibly so as to
influence electromagnetic radiation by electro stimulation or
by changes in ionic concentration, and may be a diblock
copolymer constituting hydrophobic block polymer and
hydrophilic block copolymer.

[0104] FIG. 10 is a flowchart illustrating a display method
of'a video wall apparatus according to an exemplary embodi-
ment.

[0105] Referring to FIG. 10, the display method of the
video wall apparatus according to an exemplary embodiment
includes displaying an image on a plurality of display panels
at S1010 and applying voltage to a photonic crystal array
formed between the plurality of display panels based on the
displayed image information at S1020.

[0106] FEach step and more detailed steps are already
described regarding the above display apparatus and the
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video wall apparatus, and these steps will not be further
explained to avoid overlapping.

Recording Medium

[0107] The above described display method and/or the dis-
play method of the video wall apparatus can be implemented
by programs including algorithms that can run on a computer,
and the programs may be stored and provided in non-transi-
tory computer readable medium.

[0108] A non-transitory readable medium may indicate a
medium which stores data semi-permanently and can be read
by devices, not a medium storing data temporarily such as
register, cache, or memory. Specifically, the above various
applications or programs may be stored and provided in non-
transitory readable medium such as compact disk (CD), digi-
tal versatile disk (DVD), hard disk, Blu-ray disk, universal
serial bus (USB), memory card, or read-only memory
(ROM).

[0109] Further, the foregoing exemplary embodiments and
advantages are merely exemplary and are not to be construed
as limiting the present invention. The present teaching can be
readily applied to other types of apparatuses. Also, the
description of the exemplary embodiments of the present
inventive concept is intended to be illustrative, and not to limit
the scope of the claims.

What is claimed is:

1. A display apparatus, comprising:

a display panel;

a photonic crystal array which is arranged on at least one

side of the display panel and which displays an image;
an electrode which applies voltage to the photonic crystal
array; and

a controller which controls so that voltage is applied to the

photonic crystal array based on image information dis-
played on the display panel.

2. The display apparatus of claim 1, further comprising:

a bezel which is arranged on an edge of the display panel,

wherein the photonic crystal array is arranged on at least

one area of the bezel.

3. The display apparatus of claim 1, wherein the controller
controls so that voltage is applied to the photonic crystal array
based on color information of the image which is displayed on
a predetermined area of the display panel.

4. The display apparatus of claim 1, wherein the controller
establishes a predetermined area of the display panel as an
image block, calculates an average pixel value from pixel
values of the established image block or calculates a pixel
value having a highest frequency from the established image
block, and controls so that voltage is applied to the photonic
crystal array according to the calculated pixel value.

5. The display apparatus of claim 1, wherein the controller
establishes a predetermined area of the display panel as an
image block, converts pixel values of the established image
block into a pixel value in Hue type, calculates an average
pixel value from the converted pixel values or calculates a
pixel value having a highest frequency from the converted
pixel values, and controls so that voltage is applied to the
photonic crystal array according to the calculated pixel value.

6. The display apparatus of claim 1, wherein the photonic
crystal array comprises:

an electro solvent which changes ionic concentration in

response to the applied voltage; and

a photonic crystal which contacts the electro solvent.
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7. The display apparatus of claim 6, wherein the photonic
crystal is a material whose domain periodic structure can
change reversibly so as to influence electromagnetic radiation
in response to one from among an electrical stimulation and
changes in ionic concentration, and is a diblock copolymer
constituting a hydrophobic block polymer and a hydrophilic
block polymer.

8. A video wall apparatus comprising a plurality of the
display apparatuses, at least one of the plurality of the display
apparatuses comprising:

a display panel;

a photonic crystal array which is arranged on at least one

side of the display panel and which displays an image;
an electrode which applies voltage to the photonic crystal
array; and

a controller which controls so that voltage is applied to the

photonic crystal array based on image information dis-
played on the display panel.

9. A video wall apparatus, comprising:

a plurality of display panels;

a photonic crystal array which is arranged between the

plurality of display panels and which displays image;
an electrode which applies voltage to the photonic crystal
array; and

a controller which controls so that voltage is applied to the

photonic crystal array based on image information dis-
played on the plurality of display panels.

10. A display method, comprising:

displaying a first image on a display panel; and

applying voltage to a photonic crystal array based on dis-

played image information,

wherein the photonic crystal array is arranged on at least

one side of the display panel and displays a second
image based on the applied voltage.

11. The display method of claim 10, wherein the photonic
crystal array is arranged on at least one area of a bezel
mounted on an edge of the display panel.

12. The display method of claim 10, wherein the applying
the voltage comprises applying voltage to the photonic crystal
array based on color information of the first image displayed
on a predetermined area of the display panel.

13. The display method of claim 10, wherein the applying
voltage comprises:

establishing a predetermined area of the display panel as an

image block;

calculating an average pixel value from pixel values of the

established image block or calculating a pixel value
having a highest frequency from the established image
block; and

applying the voltage to the photonic crystal array accord-

ing to the calculated pixel value.

14. The display method of claim 10, wherein the applying
voltage comprises:

establishing a predetermined area of the display panel as an

image block;

converting pixel values of the established image block to a

pixel value in Hue type;

calculating an average pixel value from the converted pixel

values or calculating a pixel value having a highest fre-
quency from the converted pixel values; and

applying voltage to the photonic crystal array according to

the calculated pixel value.

15. The display method of claim 10, wherein the photonic
crystal array comprises:
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an electro solvent which changes ionic concentration in

response to the applied voltage; and

a photonic crystal which contacts the electro solvent.

16. The display method of claim 15, wherein the photonic
crystal is a material whose domain periodic structure can
change reversibly so as to influence electromagnetic radiation
by electrical stimulation or by changes in ionic concentration,
and is a diblock copolymer constituting a hydrophobic block
polymer and a hydrophilic block polymer.

17. A display method of a video wall apparatus, compris-
ing:

displaying an image on a plurality of display panels; and

applying voltage to a photonic crystal array which is

arranged between the plurality of display panels based
on displayed image information.

18. A display apparatus, comprising:

a display panel;

means for displaying an image which is arranged on at least

one side of the display panel;

an electrode which applies voltage to the means for dis-

playing the image; and

a controller which controls so that voltage is applied to the

means for displaying the image based on image infor-
mation displayed on the display panel,

wherein the display panel and the means for displaying the

image are different elements.
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19. A video wall apparatus comprising a plurality of the
display apparatuses, at least one of the plurality of the display
apparatuses comprising:

a display panel;

means for displaying an image which is arranged on at least

one side of the display panel;

an electrode which applies voltage to the means for dis-

playing the image; and

a controller which controls so that voltage is applied to the

means for displaying the image based on image infor-
mation displayed on the display panel,

wherein the display panel and the means for displaying the

image are different elements.

20. A video wall apparatus, comprising:

a plurality of display panels;

means for displaying an image which is arranged between

the plurality of display panels;

an electrode which applies voltage to the means for dis-

playing the image; and
a controller which controls so that voltage is applied to the
means for displaying the image based on image infor-
mation displayed on the plurality of display panels,

wherein the plurality of display panels and the means for
displaying the image are different elements.
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